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Abstract

Despite 253,000 spinal cord injury (SCI) patients in the United States, little is known about how SCI affects brain
networks. Spinal MRI provides only structural information with no insight into functional connectivity. Resting-state
functional MRI (RS-fMRI) quantifies network connectivity through the identification of resting-state networks (RSNs) and
allows detection of functionally relevant changes during disease. Given the robust network of spinal cord afferents to the
brain, we hypothesized that SCI produces meaningful changes in brain RSNs. RS-fMRIs and functional assessments were
performed on 10 SCI subjects. Blood oxygen-dependent RS-fMRI sequences were acquired. Seed-based correlation
mapping was performed using five RSNs: default-mode (DMN), dorsal-attention (DAN), salience (SAL), control (CON),
and somatomotor (SMN). RSNs were compared with normal control subjects using false-discovery rate-corrected two way
t tests. SCI reduced brain network connectivity within the SAL, SMN, and DMN and disrupted anti-correlated connectivity between CON and SMN. When divided into separate cohorts, complete but not incomplete SCI disrupted connectivity within SAL, DAN, SMN and DMN and between CON and SMN. Finally, connectivity changed over time after
SCI: the primary motor cortex decreased connectivity with the primary somatosensory cortex, the visual cortex decreased
connectivity with the primary motor cortex, and the visual cortex decreased connectivity with the sensory parietal cortex.
These unique findings demonstrate the functional network plasticity that occurs in the brain as a result of injury to the
spinal cord. Connectivity changes after SCI may serve as biomarkers to predict functional recovery following an SCI and
guide future therapy.
Keywords: biomarkers; MRI; neuroplasticity; SCI

Introduction

D

espite the fact that 253,000 people in the United States are
living with spinal cord injury (SCI) and that $10 billion is
spent annually on SCI research and medical care,1–3 there remains a
significant void in meaningful interventions, and no reliable
method to define brain reorganization and potential for functional
recovery after SCI. There is a substantial need for accurate noninvasive imaging techniques to study how SCI affects the nervous
system and help predict recovery potential.
The American Spinal Injury Association (ASIA) International
Standards for the Neurological Classification of Spinal Cord Injury
is the standard instrument for assessing neurological deficits after
SCI.4 It differentiates between complete SCI, in which there is no
motor or sensory function below the injury, and incomplete SCI, in
which function persists below the injury. This measure provides
a useful and objective parameter to help manage patients with an SCI,
but is not sufficiently prognostic nor does it provide information on

functional architecture of the brain. Standard MRI sequences of the
spine provide anatomic images in acute or chronic SCI. There is
typically no substantial structural abnormality of the brain after SCI,
and, therefore, standard anatomic imaging offers little insight into
how the spinal insult has altered brain organization.
Resting-state functional MRI (RS-fMRI) is a robust method that
can define the manner in which the brain’s organization is altered
by SCI. This approach uses the endogenous brain activity detectable with blood oxygen level dependent (BOLD) MRI to identify
areas that are interacting at rest. Spontaneous BOLD fluctuations
are low-frequency oscillations that are temporally correlated within
distinct functional networks.5 Resting-state correlation maps are
similar to the functional maps obtained from task activations.6
Alteration of this correlation structure can define functionally relevant changes after injury to the central nervous system.7,8 This
approach can also provide insights into the impact that SCI has on
the brain the as a result of the abrupt loss of afferent and efferent
neural input. Quantifying these changes may further enable an
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improved understanding of the nature of the spinal injury and predict
functional recovery.
Although recent advances in spinal diffusion tensor imaging and
diffusion basis spectrum imaging have shown promise as biomarkers of white matter integrity following an SCI,9–16 additional
methods are needed. Although most attention and effort have focused on direct imaging of the spinal cord, there has been limited
work on the effects of SCI on the brain.17–23 A large network of
circuits makes up ascending spinal cord tracts to the brain and
includes the dorsal column, and the spinothalamic, spinocerebellar,
cuneocerebellar, and spinoreticular tracts.24 Select reports have
suggested that SCI affects the brain and brain networks.17,19,21,25–29
For example, SCI has been associated with atrophy of cerebral
white matter tracts, and the atrophy has been shown to correlate
with performance.29
Here, we show that SCI produced significant changes in select
brain RS-fMRI networks. Further, we found that complete SCI
disrupts connectivity more than incomplete SCI. Finally, we show
that functional connectivity between multiple brain networks changes
over time after an SCI. These findings help explain physiological
changes in the brain after an SCI. Further, measurement of brain
network connectivity may serve as a future method to predict functional recovery in SCI patients and, thereby, guide subsequent therapy.
Methods
Participants
After obtaining approval from the Washington University Human Research Protection Organization Institutional Review Board,
10 subjects were enrolled and informed consent was obtained.
Recruitment was performed by A.H.H. and W.Z.R. This study
played no role in the medical care of SCI subjects. To be included in
this study, participants were required to (1) have a history ASIA A,
B, C or D SCI prior to enrollment; (2) be able to participate in
physical examinations and surveys; (3) speak English; (4) be
medically stable; and (5) tolerate an unsedated MRI. Exclusion
criteria were: being £18 or >80 years old; pregnancy; having an
MRI-incompatible device (e.g., a pacemaker); having a known
diagnosis of amyotrophic lateral sclerosis, multiple sclerosis,
rheumatoid arthritis, spine tumor, brain tumor, encephalopathy,
traumatic brain injury, psychiatric disease, dementia, meningitis,
stroke, transient ischemic attacks, neurodegenerative disorder,
epilepsy, previous incident of SCI, or HIV-related myelopathy;
having a history of abnormal brain MRI; and having a systemic
instability or being deemed unstable to tolerate standard unsedated
MRI sequencing, abnormal orientation, and cranial nerve physical
examination. Control MRI data from 37 normal controls subjects
(average 42.6 years, range 23–65) without any significant medical
history were collected. The majority of control participants were
males (20). No experimental or control subjects were diagnosed
with any psychiatric condition, and none were taking chronic
opioids, muscle relaxants, or other analgesics. Education level was
not recorded.
General methodology
Once identified and enrolled in the study, medical records from
the subject’s initial SCI and recovery were reviewed. Patients with
an SCI were assessed upon enrollment and every 4–6 months as
tolerated. During each visit, validated clinical scores and outcomes
were collected, and patients received a resting state fMRI of the
brain. Seven subjects received one MRI and three subjects received
two serial MRIs. Behavioral outcome measures included International Standards for the Neurological Classification of Spinal Cord
Injury including data from a complete motor and sensory physical
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examination4,30 and Manual Motor Testing.31 RS-fMRI was obtained at the Mallinckrodt Institute of Radiology at Washington
University School of Medicine.
Clinical examination and measures
Subjects underwent a detailed clinical examination by a neurological surgery provider intended to provide a comprehensive
evaluation of neurological function. Examination of orientation and
cranial nerves were performed to exclude significant and potentially confounding cerebral pathology. International Standards for
the Neurological Classification of Spinal Cord Injury including
data from a complete motor and sensory physical examination4,30
and manual motor testing31 are well-established and commonly
used methods to grade neurological status after SCI.
Acquisition and preprocessing of the RS-fMRI
Imaging was acquired using a 3.0 Tesla Siemens Trio scanner
(Erlagen, Germany) with a standard 32 channel head coil. A highresolution T1-weighted magnetization-prepared rapid gradient
echo was used for atlas registration. T2-weighted fast spin echo
images were used for RS-fMRI atlas registration. T2* echo-planar
imaging sequence responsive to BOLD contrast (flip angle 90 degrees, 4 · 4 · 4 mm voxels, echo time (TE) 27 ms, repetition time
(TR) 2200 ms, bandwidth 2441 Hz) covered the entire brain while
the subjects were asked to fixate on a visual cross-hair and remain
awake. Three runs of 164 frames totaling 18 min were completed.
Preprocessing, registration, and quality assurance measures was
performed as previously described.32–34 Briefly, preprocessing included correction for asynchronous slice acquisition by compensation for slice-dependent time shifts, correction of even–odd
interleaving acquisition, image debanding, intensity normalization
to mode 1000, spatial smoothing with a 6 mm full-width halfmaximum Gaussian kernel, and low-pass (< 0.1 Hz) filtering.
Frame scrubbing was performed based on the temporal derivative
of root-mean-square variance over voxels (DVARS) >0.5%.35
Nuisance regression was performed to remove signals related to 12
parameter rigid body head motion, bilateral white matter, bilateral
cerebrospinal fluid, and global signal. Images were aligned by rigid
body transformation to a standardized atlas space and re-sampled in
3 mm isotropic cubic voxels for further analysis.
Seed-based correlation mapping
and connectivity measurements
Seed-based correlation mapping is one of the most widely
adopted techniques for studying co-fluctuations in intrinsic neuronal activity, or functional connectivity.36,37 Seed-based analysis
requires prior knowledge of the locations of regions of interest
(ROIs). Thirty-six ROIs were derived by maximizing topographic concordance between results obtained by seed-based correlation mapping and spatial independent component analysis as
described.38–40 Resting-state networks (RSNs) and ROI coordinates were selected as described in Brier and colleagues, except for
seeds 26–29.32 Seeds 26 and 27 were left and right insula as previously described.32 Seeds 28 and 29 were left and right parietal
opercula, respectively. Somatomotor, language, and visual RSNs
were combined into a unified sensory-motor network (SMN). Five
RSNs included default mode network (DMN), dorsal attention
network (DAN), salience network (SAL), control network (CON),
and unified somatomotor network (SMN, Fig. 1). Correlation maps
were generated by extracting time courses from each of the 36 seed
regions. Pearson product-moment correlation (R) is the most
widely used method to measure functional connectivity within and
between networks.5,36,41–44 Pearson correlations were calculated
between the time course from seed ROIs and that from all other
ROIs. Pearson correlations were converted to normally distributed
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FIG. 1. Regions of interest (ROIs). Thirty-six ROIs were selected as seeds (red) for five resting-state networks (RSNs): default mode network
(DMN), dorsal attention network (DAN), control network (CON), salience network (SAL), and unified somatomotor network (SMN).

variables, z, with application of a Fisher’s z transform. Functional
connectivity maps were generated for complete SCI subjects by
averaging the correlation maps between subjects. Average internal
and cross connectivity of the DMN, DAN, CON, SAL, and SMN
RSNs were calculated for each subject as detailed by Brier and
colleagues.32 The average change in correlation over time was
calculated for each ROI. This was performed by subtracting the ztransformed correlation of the 2 month MRI from the ‡6 month
MRI for each subject. Then change in connectivity was averaged
across the three subjects.
Experimental design and statistical analysis
Data are reported as mean – standard deviation. Figures are
shown as notched box-and-whisker plots with each outlier marked
‘‘+.’’ Notched box plots are centered around a median, while notch
indicates 95% confidence interval of the median. The box indicates
the interquartile range (IQR), whiskers indicate 1.5 times the IQR.
To assess for statistical differences, two sample t tests were performed. P values, after false-discovery rate multiple comparison
correction’ degrees of freedom; and effect-size statistics are reported in the manuscript. Statistical values with p < 0.05 indicate
statistical significance.

Results
Demographics
Ten SCI subjects participated in the study (Table 1). Nine subjects were male. The average age at MRI was 46.9 – 16.1 years and
the average time between injury and study was 7.9 – 13.3 years.
There were four complete SCI patients (ASIA A) and six incomplete SCI patients (ASIA C or D). Injury levels ranged from C4 to
T5. There was no difference of age for complete (38.5 – 11.7 years)
versus incomplete (52.5 – 17.0) SCI groups ( p = 0.2, t[8[ = -1.4,
unpaired t test). Time from injury was also similar between complete (7.3 – 7.3 years) and incomplete (8.3 – 17.0) SCI groups
( p = 0.9, t[8] = -0.1).
SCI disrupts functional connectivity
within and between RSNs
Connectivity between the 36 ROIs was assessed within and between DMN, DAN, CON, SAL, and SMN networks in all SCI
subjects and compared with controls (Fig. 2A). Connectivity within
the DMN was lower after SCI (0.23 – 0.10) when compared with
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Table 1. Demographic Data

compared with controls (-0.25 – 0.08; p = 0.04, t[45] = -2.68; Fig. 3,
bottom middle). Connectivity between other networks was not
different when comparing all SCI subjects to controls. Hence, when
assessed as one group, SCI disrupts the normally anticorrelated
connectivity between the CON and SMN networks.

Age
at injury
(years)
44
32
52
26
57
60
53
52
72
21

Level
of injury

ASIA
gradea

Sex

C4
C7
C7
T5
C6
C4
C4
C7
C4
C4

A
A
A
A
D
D
D
C
D
D

M
F
M
M
M
M
M
M
M
M

a
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American Spinal Injury Association Grade at time of MRI.

controls (0.33 – 0.10; p = 0.04, t[45] = 2.85; Fig. 2B). DAN and CON
networks were not significantly disrupted (Fig. 2C,D). Connectivity
within the SAL network was reduced after SCI (0.31 – 0.14) when
compared with controls (0.46 – 0.11; p = 0.02, t[45] = 3.93; Fig. 2E).
Connectivity within the unified SMN network was reduced after
SCI (0.28 – 0.15) when compared with controls (0.41 – 0.13;
p = 0.04, t[45] = 2.76; Fig. 2F). Hence, when assessed as one
group, SCI disrupts connectivity within SAL, SMN and DMN
networks.
Connectivity among DMN, DAN, CON, SAL, and SMN networks were assessed after SCI and compared to controls (Fig. 3).
The normal anticorrelation between the CON network and the
unified SMN network was disrupted after SCI (-0.16 – 0.11) when

RSN connectivity after complete and incomplete SCI
To evaluate for functionally relevant differences in network
adaptation after SCI, seed-based RSN connectivity was stratified
into two cohorts: complete SCI (ASIA A) and incomplete SCI
(ASIA C–D). Connectivity within and among DMN, DAN, CON,
SAL, and SMN networks for complete and incomplete SCI subjects was compared with controls (Fig. 4). Connectivity within
and among several networks was affected by complete but not
incomplete SCI when compared with controls. Connectivity within DMN was disrupted after complete SCI (0.15 – 0.05; p = 0.006,
t[39] = 3.63; Fig. 4) but not incomplete SCI (0.27 – 0.14; p = 0.45
t[41] = 1.49) when compared with controls (0.33 – 0.10). Connectivity within DAN was disrupted after complete SCI (0.27 – 0.1;
p = 0.04, t[39] = 2.55) but not incomplete SCI (0.42 – 0.10; p = 0.97,
t[41] = 0.04) when compared with controls (0.42 – 0.11). CON
network connectivity was not disrupted after complete nor incomplete SCI. Connectivity within the SAL network was markedly
reduced after complete (0.22 – 0.06; p = 0.003, t[39] = 4.1, Figs. 4
and 5) but not incomplete SCI (0.37 – 0.16; p = 0.44, t[41] = 1.61)
when compared with controls (0.46 – 0.11). Finally, connectivity
within the unified SMN network was similarly reduced after
complete (0.23 – 0.17; p = 0.04, t[39] = 2.55; Figs. 4 and 5) but not
incomplete (0.28 – 0.04; p = 0.37, t[41] = 2.34) SCI when compared
with controls (0.41 – 0.13). Internetwork connectivity between CON

FIG. 2. Spinal cord injury (SCI) disrupts functional connectivity within resting-state networks (RSNs). (A) Connectivity matrixes
showing correlations within and between regions of interest (ROIs) clustered into five RSNs after SCI. Exemplar SCI subject (SCI, left)
is compared with an average of 37 normal subjects (CONT, right). Intra-network correlations in SCI subjects are compared with those of
controls for (B) default mode network (DMN), (C) dorsal attention network (DAN), (D) control network (CON), (E) salience network
(SAL), and (F) somatomotor network (SMN). n = 10 SCI subjects and 37 controls (CONT). Data are shown as notched box plots where
the red line indicated median, notch indicates 95% confidence interval of the median, box indicates interquartile range (IQR), whiskers
indicate 1.5 times IQR, and crosses indicate outliers. Asterisk indicates different from CONT, p < 0.05, two sample t test.
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FIG. 3. Spinal cord injury (SCI) disrupts functional connectivity between resting-state networks (RSNs). Inter-network correlations in
SCI subjects are compared with those in controls among the five RSNs: default mode network (DMN), dorsal attention network (DAN),
control network (CON), salience network (SAL), and somatomotor network (SMN). n = 10 SCI subjects and 37 controls (CONT).
Asterisk indicates different from CONT, p < 0.05, two sample t test.

FIG. 4. Resting-state network (RSN) correlations after incomplete (I, n = 6) and complete (C, n = 4) spinal cord injuries (SCI) were
compared with those in controls (CT, n = 37). Connectivity within and among the default mode network (DMN), dorsal attention
network (DAN), control network (CON), salience network (SAL), and somatomotor network (SMN) RSNs were measured. Asterisk
indicates different from CT, p < 0.05, two sample t test.
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FIG. 5. Exemplar functional connectivity after complete spinal cord injury (SCI). Average functional connectivity maps are shown for
select exemplar seed regions in ASIA (ASIA) A complete SCI subjects (n = 4). Left prefrontal cortex seed region showed robust
connectivity with the anterior cingulate cortex and frontal lobes (top). The left insula seed was correlated with the ipsilateral and
contralateral insula (middle). The left primary motor cortex correlated with the bilateral somatomotor regions (bottom).
and SMN was increased after complete (-0.12 – 0.07; p = 0.02,
t[39] = -2.99) but not incomplete (-0.19 – 0.13; p = 0.45, t[41] =
-1.47) SCI when compared with controls (-0.25 – 0.08). Connectivity between other networks was not significantly altered for
either incomplete or complete SCI. Stratifying SCI based on complete or incomplete injury revealed that brain RS-fMRI metrics
distinguishes between complete and incomplete SCI.
Cerebral network connectivity changes
over time after SCI
Serial RS-fMRIs were performed in incomplete SCI patients to
evaluate for changes in brain network connectivity over time.
Average change in connectivity between 2 months and >6 months
after injury was assessed by subtracting the average of the correlation
maps at two time points. Each seed displayed varying patterns of
change over time, but three seeds displayed the most robust changes
that reproduced bilaterally. Primary motor cortex became less correlated with primary sensory cortex over time (Fig. 6, top). The
cerebellar cortex, part of the DMN, showed increased connectivity
(or rather a loss of anticonnectivity) to both the primary motor and
sensory cortices over time after SCI (Fig. 6, middle). The primary
visual cortex became less connected with primary motor cortex, but
more connected with posterior cingulate gyrus and parietal operculum over time after SCI (Fig. 6, bottom). Hence, the cerebral network
connectivity reorganizes over time after an SCI.
Discussion
The research presented here has both interesting scientific and
translational ramifications. Through the clinical scenario of SCI,
this study reveals the substantial role that the spinal cord plays in
the maintenance of the complex functional architecture of the
brain. Although, sensory deprivation-induced brain reorganiza-

tion has been studied after blindness and other injuries,45–49 there
are limited data on brain reorganization after an SCI. Findings in
this work demonstrate that fundamental loss of afferent and efferent neural input alter connectivity within and across numerous
networks in the brain, which extends far beyond just somatomotor
function. The magnitude of network perturbation correlates to the
degree to which the spinal cord is injured. Further, the brain
network reorganization changes over time. Taken as a whole, this
work further elucidates the role of the spinal cord in cerebral
plasticity and the malleable nature of central nervous system
functional organization.
fMRI is an indirect measure of neuronal activity. RS-fMRI measures the endogenous/spontaneous brain activity using BOLD, and
identifies areas that are interacting at rest. Spontaneous BOLD fluctuations are low-frequency oscillations in metabolic activity that are
anatomically correlated within distinct functional networks.50 Spontaneous RS-fMRI activity generates RSNs that are similar to the
functional maps obtained from traditional task-based fMRI.6
RSNs represent topographies of functionally connected regions
across the brain, and these RSNs can be divided into a hierarchy of
several large networks that can range in size across the cortex.13,33,34 DMN is an RSN that is more active at rest than during
performance of goal-directed tasks.6,13,44,51–57 The DMN is largely
anticorrelated, with systems controlling executive and attentional
mechanisms.41,58,59 SMN encompasses primary and higher order
motor and sensory areas.5 The visual and language networks, which
span the occipital cortex6,51–54 and language-related regions33,60,61
can be incorporated with the somatomotor network to create a unified
SMN network.38 DAN is involved with attentional control and recruited by tasks requiring control of spatial attention.39,53,54,62,63
CON enables the performance of tasks requiring executive control.53,64,65 SAL, also known as the core control network, is involved with processing and filtering sensory and cognitive inputs
and activating executive function networks.63,64,66
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FIG. 6. Functional brain reorganization over time after spinal cord injury (SCI). Average change in functional connectivity between 2
months post-injury and >6 months post-injury is shown as heat maps for exemplar seed regions (n = 3 subjects). Average change in
connectivity was assessed by subtracting the average of the correlation maps at two time points. The left primary motor cortex showed a
robust decline in functional connectivity with the primary somatosensory cortex over time after SCI (top). The default mode network
(DMN) seed, left cerebellum (Cereb) showed increased functional connectivity over time with the supplementary motor cortex, primary
motor cortex, and somatosensory cortex after SCI (middle). The left visual cortex showed decreased connectivity with the primary
motor cortex, but increased connectivity with the posterior cingulate gyrus and the parietal operculum (bottom).

Here, we show that when the central nervous system suffers
deafferentation from SCI, cerebral networks are forced to reorganize. These changes informed us of the roles the spinal cord has on
the normal network architecture. The results shown here demonstrate how SCI leads to plasticity in the cortex in several specific
brain networks. First, SCI produces an unsurprising loss of connectivity within the somatomotor regions. Interestingly, SCI alters
connectivity within DMN, a network most active at rest. However,
it has been demonstrated that the DMN is often affected in many
neurological disorders.67–71 SCI most robustly impairs connectivity
within the SAL network, important in filtering sensory and cognitive inputs and activating executive function networks. Finally, SCI
disrupts the normal anticorrelated connectivity between CON and
SMN networks. Correlation with the functional status of the subjects showed that RSN connectivity can be used to discriminate
between complete and incomplete SCI. This finding emphasizes
how complete loss of circuits from the spinal cord to the brain
produces the largest degree of network reorganization. Finally,
when we looked at the change in network plasticity over time, we
found that certain networks reorganize over time. Normally, the

primary motor cortex is highly correlated with the primary somatosensory cortex. However, after SCI, the primary motor cortex
became less connected over time with the primary sensory cortex.
Meanwhile, the visual cortex was normally highly correlated with
the primary motor cortex and not correlated with the parietal cortices. After SCI, the visual cortex became less connected with the
primary motor cortex but more connected with the cingulate gyrus
and parietal lobe, suggesting an enhancement in visual-related
sensory processing after loss of spinal afferents. The cerebellum is
typically anticorrelated with the primary motor and sensory cortices. However, after SCI, this anticorrelation is disrupted: there is an
increase in connectivity between the cerebellum and both primary
motor and sensory cortices.
Lesion experiments have provided important data on human
central nervous system cytoarchitecture and networks. White- and
gray-matter lesions differentially modulate mesoscale networks
and have been used to study short-range connectivity within the
brain. Such mesoscale experiments have shown that local whitematter tracts in the cortex maintain topographical anatomic heterogeneity, whereas gray-matter connections segregate cortical
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synchronization.72 Hemispheric disconnection experiments have
provided an understanding of the importance of long-range subcortical connections to local cerebral networks. Disconnecting deep
subcortical connections through a hemispherotomy impairs the
transfer of information from large-scale distributed brain networks
to the local cortex, thereby increasing local mesoscale connectivity.73 This study provides information at the macroscale level on the
role of distant afferents into cerebral networks. Loss of distant
afferents from a SCI reduces functional connectivity within and
among multiple cerebral networks.
This study corroborates and extends the data in the literature.
Most reports have focused their efforts to evaluate whether SCI
affects cortical functional connectivity within primary motor and
sensory cortices. Min and colleagues found increased connectivity
between motor-related regions and sensory-related regions of the
cortex in subjects with incomplete SCI.18 Oni-Orisan and colleagues then found subjects with distant complete SCI that decreased functional connectivity within bilateral primary motor and
sensory cortices.19 Sharp and colleagues performed task-based
fMRI on incomplete SCI subjects and found that patients with
incomplete SCI had increased activation of ipsilateral post-central
gyrus compared with controls.21 Most recently, Kaushal and colleagues performed a graph-theory study of efficiency after remote
complete SCI, and found that there were changes in whole-brain
connectivity and in connectivity between the cerebellum and the
cortex.17 Here, we performed a seed-based correlation mapping
using canonical RSNs in complete and incomplete SCI subjects.
We demonstrate that when the subjects were taken as one group,
SCI was shown to disrupt numerous canonical RSNs. However
when the subjects were divided into two cohorts, there was a difference in RSN connectivity between complete and incomplete
SCI. Finally, we show that cerebral networks reorganize over time
between time windows after SCI. The findings in this study are in
line with prior reports, and add to global understanding of reorganization of the cerebral cortex after a SCI.
This study has several limitations. First, the sample size of the
SCI subjects was low. Although the results in this study corroborate
and extend knowledge shown by other researchers,17,19,21,27,74,75
future studies with larger sample sizes must be performed as validation. Second, the sex ratios for the control groups and the SCI
groups were not matched. Future studies must be prospectively
matched to reduce any sex-related false-positive results. Third,
education level was not recorded.
The translational and clinical relevance of the data reported here
may become important in the future. There is an urgent need for an
accurate and clinically workable noninvasive method to predict
recovery and monitor treatments after SCI. Although clinical examination metrics serve as the standard for assessing and classifying neurological deficits in patients with SCI, these methods are
not sufficiently prognostic following SCI. The implications of this
research go beyond traumatic SCI, as this method could be applied
toward myelopathy and spinal neoplasms.1–3,76
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